Proteus organisms are widely distributed in nature. They play an important role in the decay of organic matter of animal origin, including sewage, and exist as saprophytes in the alimentary tract of man. Under certain circumstances they may become pathogenic and in particular they may infect the urinary tract, the ear, and burns and scalds. Meningitis due to Proteus is extremely uncommon, and in adults and older children it appears to be limited to a few cases following otitis media and sinus thrombosis (Kaplan and Poweleit, 1949) ; otherwise it occurs almost exclusively in neonates though it is still a rarity even at this relatively susceptible age. The few reported cases indicate that neonatal meningitis due to Proteus is an extremely lethal condition and this is also the experience in Birming- ham. The purpose of this paper is to describe the characteristic findings at necropsy and on histological examination and to comment on the aetiology. CASE REPORTS CASE 1 A male infant was born at 33 weeks to a para 2 mother aged 23 years. There was hyperemesis but pregnancy was otherwise unremarkable. Spontaneous vertex delivery followed an uncomplicated labour lasting 12 hours. At birth the infant weighed 1,814 g and was in fair general condition. The onset of respiratory distress a few hours later necessitated transfer to a premature baby unit where the infant was noticed to have a feeble cry and a rash on his chest. Gradual improvement followed treatment in humidified oxygen, the removal of 12 ml of blood by umbilical catheter, digitalization, achromycin, and chloramphenicol. On the second day the blood sugar level was 70 mg% and the serum bilirubin 8-6 mg %; blood culture grew Proteus Received for publication 25 October 1967. mirabilis which were sensitive to streptomycin, chloromycetin, neomycin, albamycin, and partially sensitive to novobiocin. On the third day he became pale, cyanosed, jaundiced, tense and rigid, and had a squeaky cry; he died a few hours later aged 65 hours.
Necropsy was performed 91 hours after death. The body measurements corresponded to 33 to 34 weeks' gestation; weight 1,590 g, length 43 cm, head circumference 29 cm.
The cranial cavity had a foul smell and both cerebral hemispheres were greyish in colour and grossly softened, much of the cerebral substance having the consistency of thick sauce. There was extensive, bilateral, subdural haemorrhage with no tentorial tears, and both occipital poles showed localized subarachnoid haemorrhages. The hindbrain appeared normal.
There was widespread congestion and collapse of both lungs with subpleural haemorrhages and bloodstained froth in the bronchi.
Bacteriology Swabs taken from the left and right cerebral hemispheres grew Proteus mirabilis. Proteus was present in small numbers in a portion of the right lower lobe of lung; cultures on solid media failed to grow this organism but subcultures of a glucose broth culture gave a growth of Proteus mirabilis.
Histology The periventricular cerebral tissue showed extensive necrosis with haemorrhage and intravascular haemolysis but no inflammatory reaction. The lungs showed a little granular eosinophilic debris and mononuclear cells within the alveolar ducts.
Proteus and coliform meningoencephalitis in neonates rate was 40/minute and the heart rate was 88/minute and irregular. Respirations were shallow, the respiratory rate was 32/minute, and there was dullness and diminished air entry at the right base. Treatment included penicillin, streptomycin, nystatin, and hydrocortisone. After eight hours' slow warming the rectal temperature was 31 7°C (89-0°F). Attacks of apnoea and cyanosis occurred approximately every three hours and she died 13 hours following admission.
Necropsy was performed 11i hours after death. The body weighed 2,394 g, measured Necropsy was performed four days after death. The body was moderately jaundiced, weighed 2,040 g, measured 47 cm, and had a head circumference of 30 5 cm. The umbilicus was clean but there was an erythematous, slightly haemorrhagic rash on the trunk. The cerebral hemispheres were brownish, soft, swollen, and foul smelling. A thick layer of exudate covered the posterior aspect of the cerebellum but there was none surrounding the spinal cord. The brain showed extensive softening and reddening on slicing; there was no kernicterus of the brain stem or cerebellar nuclei but there was slight yellow staining of the basal nuclei. The lungs showed collapse at the bases. The liver was slightly enlarged and congested. The spleen was congested but not enlarged and gave a positive Prussian Blue reaction.
Bacteriology Swabs from the brain showed a moderate growth of Proteus. Cultures of the lung were sterile.
Histology There was marked acute inflammation of the meninges and many vessels within the brain showed perivascular cellular exudate and haemorrhage or were necrotic and filled with fibrin thrombus. Inflammatory cells, mainly mononuclear, extended into surrounding brain tissue in which much of the cerebral white matter was necrotic. There was much proliferation and swelling of glial cells. There were abundant Gram-negative rods, especially in the perivascular infiltrates. The lungs showed alveolar oedema but no pneumonia. There was haemosiderosis of the liver and spleen with only a small amount of erythropoiesis. CASE 4 A male infant was born at 30 weeks to a primiparous mother aged 26 years. Pregnancy and labour were normal. He weighed 1,134 g at birth, and because of grunting respirations was admitted to a premature baby unit. He was nursed in an incubator and fed on expressed mother's milk. On the third day he became jaundiced and on the following day there was an offensive umbilical discharge. He died at 92 hours following frequent apnoeic attacks. Blood culture showed a mixture of E. coli and Proteus; both organisms were insensitive to penicillin and tetracyclines but sensitive to streptomycin and chloramphenicol.
Necropsy was performed six and a half hours after death. The body was that of a moderately jaundiced, premature infant of estimated maturity of 29 weeks. Weight was 975 g, length 37 cm, head circumference 27cm. Both cerebral hemispheres were represented by extremely soft, chocolate-coloured tissue with a foul smell but meningeal exudate was not seen. The lungs showed diffuse congestion and collapse. The umbilical vein appeared normal but both umbilical arteries were filled with pus.
Bacteriology Proteus of the same serological type isolated during life was found on culture of brain, lung, and umbilical arteries.
Histology There was extensive necrosis of the brain with intravascular haemolysis but no inflammatory reaction. All areas, including apparently normal brain and meninges, showed abundant Gram-negative rods. The lungs showed congestion and intraalveolar haemorrhage with no inflammatory change.JThe intraabdominal segments of the umbilical arteries contained septic thrombus; one showed necrosis of the intima with many Gram-negative rods but no cellular reaction.
CASE 5 A female infant was delivered spontaneously by the vertex at 32 weeks' gestation to a 32-year-old para 2 mother. There was antepartum haemorrhage. The infant weighed 1,474 g and required oxygen by mask. On transfer to a premature baby unit when 3j hours old she had grunting respirations and cyanosis. Jaundice was noticed on the third day when the plasma bilirubin level was 10-3 mg%. On the fifth day she developed pallor and apnoeic attacks and she died the following day. nuclei. The meninges, particularly over the ventral surface of the hindbrain, showed an exudate of fibrin, polymorphs, and mononuclear cells. All sections showed abundant Gram-negative bacilli; in the brain stem these were particularly numerous in the descending corticospinal tracts and intra-vascular haemolysis was also particularly marked in these areas, suggesting that the infection had tracked down from the cerebral hemispheres along this route. Lung sections showed haemolysis of red cells with Gram-negative rods in the walls of many blood vessels. There were focal haemorrhages but no evidence of pneumonia. Both intraabdominal umbilical arteries were filled with acute inflammatory debris and there was much oedema and infiltration with polymorphs and mononuclear cells in and around their walls. Smears from the umbilical arteries showed abundant pus cells and many Gram-negative bacilli.
CASE 6 A male infant was born to a para 1 mother. Both medical and surgical induction were employed to terminate this pregnancy at 36 weeks by dates because of maternal preeclampsia and delivery was assisted by forceps. Labour lasted three and a quarter hours, the infant weighed 1,474 g, and his general condition was fair. Two The lungs were moderately congested, irregularly expanded, and showed a scanty mononuclear cell, intraalveolar exudate together with occasional amniotic squames and small clumps of bacteria. There was no acute inflammatory response though some alveoli contained oedema fluid. The other twin was normal and progressing well when last seen at the age of 14 months. The placenta was dichorionic with fused membranes and with unequal components.
CASE 8 The first of twins was born at 36 weeks to a 33-year-old para 6 Indian mother. There was hydramnios but labour and delivery were normal. The infant weighed 1,744 g and was in fair condition. Progress was unremarkable until the seventh day when there was sudden onset of grunting, convulsions, and cyanosis. He was treated with oxygen but died an hour after the onset of symptoms.
Necropsy was performed 53 hours after death. Weight was 1,685 g, length 43 cm, head circumference 31 cm. The estimated maturity was 34 weeks. There was a slight but distinct pungent aroma on opening the thoracic cavity. Both lungs were markedly congested but there was no consolidation. Upon opening the cranial cavity there was a foul, rancid smell akin to that of stale fish. The meninges appeared to be oedematous but there was no gross purulent exudate. Both cerebral hemispheres, particularly the frontal lobes, were softened and discoloured purplish-black. Examination after fixation showed that there was considerable softening of both cerebral hemispheres, the cerebral peduncles, and the midbrain, together with greyish-black discoloration of the frontal and anterior part of the parietal lobes. The cerebral peduncles and the midbrain were unavoidably disrupted during removal from the skull. The hindbrain was intact and showed no obvious meningitis.
Bacteriology There were heavy growths of Proteus mirabilis from lung and meninges.
Histology Sections from the frontal necrotic tissue showed much formalin pigment and small cystic spaces filled with haemolysed red cells. The normal cortical architecture was recognizable and there was a relatively scanty leucocytic infiltration of the meninges. The occipital lobes showed no haemorrhage or haemolysis and no inflammatory exudate. A section from the midbrain showed generalized necrosis recognizable by nuclear pyknosis and loss of structural detail of the brain tissue; most vessels in this region were abnormal, some were cuffed by degenerate inflammatory cells, and many showed fibrinous material replacing the vessel wall; CASE 9 A female infant was born at 43 weeks to a primiparous mother. Pregnancy, labour, and delivery were normal. The infant weighed 3,359 g. On the eighth day she became restless, irritable, and did not take her feeds. On the following day she kept moaning and would not sleep; she rolled her eyes from side to side and cried as though frightened; there were twitching movements of the head and she was very pale. On admission to the Birmingham Children's Hospital she was moribund, grey, cyanosed, apnoeic, and unresponsive but her peripheral circulation remained good. The anterior fontanelle was bulging and the umbilicus was septic. The pupils were fixed in mid-position and the discs were normal. The pulse was regular at 160/minute. There was some respiratory stridor with indrawing of the ribs and moist sounds over both lungs. Lumbar puncture produced xanthochromic fluid which was under increased pressure and contained 3,850 polymorphonuclear leucocytes per cmm, protein 800 mg%, and sugar 20 mg %. Two Gram-negative bacilli were seen in smears and cultures provided a few colonies of Proteus mirabilis. Blood culture grew Proteus mirabilis and the pour plate blood culture showed 114 haemolytic colonies per millilitre of blood. Subcultures showed that these were all Proteus which had the same antibiogram as those cultured from the cerebrospinal fluid and which were sensitive to streptomycin, chloramphenicol, neomycin, ampicillin, and cephaloridine. The infant was treated with chloramphenicol, sulphadimidine, penicillin, amylobarbitone, and hydrocortisone but she failed to respond and died on the morning following admission.
Necropsy was performed 11 hours after death. Weight was 3,300 g, length 52 cm, head circumference 37 cm. The anterior fontanelle was wide and slightly bulging. The umbilicus appeared to be clean and healthy. The umbilical vein was patent and unremarkable as was the ductus venosus. The left umbilical artery appeared to be normal. A segment of the right umbilical artery in its course alongside the bladder and within the pelvis was firm and swollen, with reddening of the surrounding tissues. Slicing of this segment showed pus within its lumen. Both lungs were firm and congested throughout. On reflecting the scalp the slightly bulging fontanelle was confirmed. Both the scalp and pericranium overlying the fontanelle had a dusky orange-black discoloration. There was a distinct, foul, fishy odour which was more intense when the skull was opened. Much of the cerebral hemispheres was blackish discoloured, extremely softened, and easily disrupted on attempted removal. Many of the cerebral veins contained firm thrombi but the cranial venous sinuses were clear. There was thick, dark-grey exudate in the interpeduncular cistern at the base of the brain and occluding the fourth ventricular foramina. The middle ears were clear. Slicing of the brain following fixation showed the same dark-grey colour throughout the cut surface except for a little cortical tissue in the right temporal lobe. The periventricular structures and the basal ganglia were grossly softened and easily disrupted. The hindbrain was similarly discoloured throughout but not softened.
Bacteriology A very heavy growth of Proteus was obtained from a meningeal swab, a heavy pure growth from the right umbilical artery and a heavy growth from an umbilical swab.
Histology Sections from three lobes of lung showed areas of pneumonia, apparently of recent origin with a sparse polymorphonuclear exudate. Organisms were not seen in Gram and Giemsa preparations. Two sections of the umbilicus showed complete epithelialization of the umbilical pit. One section included the umbilical vein which was almost totally occluded by aseptic granulation tissue. The other section from the centre of the umbilicus between the vein and arteries showed an acute abscess cavity lying immediately underneath the subepidermal granulation tissue. The umbilical abscess contained a few Gram-negative bacilli whilst the umbilical pit contained only a few Gram-positive cocci among desquamating cells. The right umbilical artery in its suprapubic segment showed acute inflammation of its wall extending into the surrounding fibro-adipose tissue and an acute abscess cavity which contained numerous Gram-negative rods. A block from the infraumbilical segment showed acute inflammatory infiltration involving the wall and the granulation tissue which partly occluded the lumen; the remains of the lumen were occupied by fibrino-purulent material. Similar changes were seen in the left umbilical artery at this level, but they were relatively slight. The inflammatory material within the two arteries near the umbilicus contained many Gram-negative rods. Sections of brain showed a polymorphonuclear and mononuclear exudate in the piaarachnoid over the cerebrum and hindbrain. Much of the cerebrum was frankly necrotic and there were many small cystic spaces of liquefaction. A zone of necrotic inflammatory cells surrounded many of the vessels, the walls of some of which were represented by structureless, eosinophilic rims of fibrinous appearance. There was no cellular infiltration of the intervascular necrotic parenchyma. All these areas showed many Gram-negative rods. The lateral ventricles showed acute exudate over the choroid plexus and considerable acute inflammatory infiltration in the subependymal zone.
The hindbrain showed none of the frank necrosis seen in the cerebral hemispheres, and the fourth ventricle showed no ependymitis. Many blood vessels, however, showed a narrow cuff of inflammatory cells in the Virchow-Robin spaces; this was especially so in the ventral half of the pons. There were numerous Gramnegative rods around these vessels and also in the intervening apparently normal parenchyma. Numerous organisms were also seen in the cerebellar folia even though the cortical cells appeared normal and there was no inflammatory change. The anterior lobe of the pituitary was normal and contained no organisms whilst the posterior lobe showed a peculiar homogeneous eosinophilic change of the matrix, pyknosis, and fragmentation of many nuclei and numerous Gram-negative rods.
CASE 10 A male infant was born at 32 weeks to a healthy 20-year-old primiparous mother. Pregnancy and labour were normal. Birth weight was 1,899 g. For the first few days he did not suck well, had oedema of the eyes, hands, and feet, with slight cyanosis of the extremities and slight jaundice which cleared spontaneously. was thought to have meningitis and lumbar puncture produced bloody fluid which on culturing grew Klebsiella which were sensitive to tetracyclines, streptomycin, and chloramphenicol. Blood culture produced nonlactose fermenting bacilli which were members of the citrobacter group. He was treated with oxygen, chloromycetin, sulphadimidine, and cloxacillin but died about 20 hours after the onset of symptoms.
Necropsy was performed 35 hours after death. The body was that of a pale, premature infant weighing 2,340 g and measuring 49 cm in length, with a head circumference of 33 cm. The umbilicus was well healed and clean. There was a foul smell both on reflecting the scalp and on opening the cranial cavity. Purulent exudate covered the cerebellum and both cerebral hemispheres which were softened and blackened. The lungs showed basal congestion. The abdominal contents, especially the umbilical vessels, were unremarkable.
Bacteriology Direct smears of the meninges showed pus cells and short, Gram-negative rods. Culturing showed these organisms to be non-lactose fermenting; they were not easy to classify but were subsequently labelled by the Salmonella Reference Laboratory as being members of the citrobacter group. These organisms were insensitive to penicillin, tetracyclines, erythromycin, sulphadimidine, and ampicillin.
In addition to a scanty growth of non-lactose fermenting bacilli a heavy growth of Lancefield group A haemolytic streptococci was obtained from a portion of lung.
Histology There were numerous Gram-negative, short rods scattered diffusely in the substance of the brain and in clumps within cerebral blood vessels. Haematoxylin and eosin preparations of the cerebral cortex showed vascular congestion and some exudate composed of pus cells and macrophages. The exudate was rather less marked than expected from naked eye appearances. The lungs showed extensive, intraalveolar, mononuclear exudate.
DISCUSSION
With one exception the cases described were either premature or dysmature neonates in whom there were symptoms and signs referrable to the respiratory and central nervous systems and in four of whom there was evidence of umbilical sepsis. Eight of the 10 infants succumbed within the first 10 days of life.
The characteristic features of Proteus meningoencephalitis were the smell and the gross and histological appearances of the cranial contents at necropsy. Primary infection by Proteus was established beyond doubt by bacteriological isolation of these organisms during life in six of the cases. Proteus organisms are motile and are known to flourish at room temperature, one of their characteristics being the ability to swarm under favourable conditions. For these reasons the possibility of secondary invasion by these organisms must be 
